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1 s 1 2«rWU U-;l/0«ffli!«X^7'Jyyffi (fit 
TABSi:it§) 13. 1 4 i:LT?0ffl«nS o I/— 
71/1 K l"2li.2#lcH6ftK l-3*OWMf 

fc N 7^^114. W;l/<D«ffilc. »tf3-8nm 
t>. c<0J:da»fri4«Wi©«BB^ABS 13, 14 

i:^s c x^-r^ni. AizOi-TiC«-e*ss#i so 

Sffik:. A I2O3, Si 02^0*6^/11 6%»»ft-fe 

[0090] 2 i±mmmm$m&m^T*2r> 

K^azDS? 3tiMRiR^TfeSo 2 
-;WK 12 O— **fc«Pi»Offl«ailH«i ( b 

mK^Ofca&O^SP^A B S 1 3. 14 fcifiSLTHft 
R*c£>£ 0 ^Mffi^TROWc&5ffiI®fc:l4. S^ii 
^|g : ?2^^^n^t)fflb«ffi2 7. 2 8RUWifr 
KDi?3lcg^n^t)ffllii2 9, 3 0#**l 

[0 09 1 ] »*ii^* : ?2tt. R»KDJIH t 3fc:»'r 
5g 2 Ov/-;l/ Kl^tfet^Sg 1 OKttI 2 K SH 
20mit/l2 2. i!3^;V2 3, 7;l/5t*Tft6* 
t^7i24, ^«»6«!S2 5 K 2 5 2&lf«K« 2 
64H%tLTl^c S2©->—;l/K«te\ ^1^16 

[0 0 9 2] si^^;v2 3ti. \-D<omx<omK>\zm 

IslU ttX©*lR]fc#f?iiCy#€§Slll«r#LTV^o IS 
^n^;I/2 3t4. Cu (» ft2o»tftl#fifcio 
TMStiS. »Ba^;V2 3tt7l/"W7*ait 
*r>T*J*Sn*. »§|3^7l/2 3 03^;l/flBl*«. as 
f T 1 n T2fc4otl^o SS^TK T2iiW 

2 3*4. fiEMO^^^-^^tl^e 

[0093] mm^^^2 3ic^x, wsfcuuMft-r* 

3oo3^;i/*->o^lBfcttB-r5 3-<^#->«x 
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So 

co o 9 43 mwmmmz 5 1 fm^^-z/w 

©^•yy*So*S*5<> $8«&*S*iIS2 5 Hi, Ah 
Os, SiOz, AlNtftttDLC^tioTKWSn 
5o ««S^^®2 5 1 **fcttCVD*©K9 

[0 0 9 5] B2 9~H3 Ztyl/ftv-f^Df'^ 
;UHBSfr6x 3-(/VJBglW&9oaS3EL;teSttHll#l 

So 

[0 0 9 6] |H^lcBS«-rS30©aW;i/^-v 
4:ffifcBU ^-O^ra©^^^^ - vOPHBHcficlB^S 2 

[oo9 7] c<Dfztt>, '&&tmvigMt)*mui>rz± 

[0 0 9 8] +>-y7°i|Bali. *Rttl&Blt2 5 1 
ici^Tl^nt^. *R«tt*M2 5 1 H\-*><y 

[0 0 9 9] «W8»^y K'sOlSfcfc^Tfe, 
yyigali, ff3tt<l^ 0. 01-0. 0 5 fi m«SS 

vmmxmmz 5 1 «•„ ^*sftacvD-e, mm 

K'N©iS^tci3</-'T. !&g&fMl*&$i ; £&f'f£Lf#&o 
[0 1 0 0] »*b<«x ifta^/W-vH^+y 

(1/30 0) <a/0< (1/5) 

[0101] ±IB*ft3Sfc*<' v C, ^y7*a%, 
0. 01—0. 0 5 /imOOT^SL/ci^ 
foZ — l/OasfjlMPteO. 2 5 — 3 timommzft 

fctttf. FkbTti, +»tf**o 

[0 10 2] fg 1 <DBS14/i 2 Hi> S6il3 3, 3 2tc 

£ e »13 3. 3 2ltA 1 2O3. SiOz, A 1 N£ 



fcttDLC*fc.fcoTt»a«ft*o S2tO«tt!2 2 

& o 

CO 1 0 3] 3fnRtf3i2<9ffliffiB2 K 2 212:, #1*. 
tf, Ni Fe. CoFe. F e NSfcliF e Z r NS® 

©ffittH 2 K 2 2©^n^4'UiWf1i3£T*&-3T ; t><fc 
£Jl«3iT*;i&oTt><U\> ^ 1 RtfS 2 <D851£/I 
2 K 2 2<O^M{tit, Wtaf4lfiiLT 

|2K 2 2 ©SJSJPfc^ 0>J*l£. 0. 5~3/ira(01 
It^^M. C<D<fc?:£I! 1 RD*^ 2 <0M14il 2 
1 „ 2 2ti7l'— A^-y^JSt«toT^T€So 
CO 1 0 4 ] £ 1 <Om&m 2 1 &D*|g2 <Dfi31&l 2 2 © 
flWN*#<D**y7Jl2 4 4«TT»ftt5 

s s fc a 7 ;i/ 5 * m<ommmm k <fc ^ t«j«« n 5 . 

CO 1 0 5] S20814M2 2it. »c. Jgl <D«1£/I 
' 2 1 t<DP^lC^V^— ^y^SSoT, A B S 1 3. 
1 AO^kf5\mXS. ^^®-&gP^43V->T^2 0aS1tS2 

|g 2 <D?814B 2 2 -y 7J1 2 4 SriS 5 fUStffiStle] 

CO 1 0 6] 0^*SS0flTHi. iMJ|=i-01/2 3 

14 % fttttt&IWIt2 5 2 4/rLTv & 1 <OJS1tM 2 1 &tf 

30 m2<oM&m2 2 tmmtZo mm.mmm2 5 2©*m 
&/& &j$.j5&&xf&mmte, ®&a4 )V*->m<»¥ 

co i o 7] umm2 6 it, t«a»»?2ot**i 

CO l o 8] Wtfr%t.vm : ?3<DU%:lc^ mi ©->— ;V 

km 3 1 *ei^Ji3 2 mmm3 3 fc v gi<5itt 

^2 1 i:LtilS?n5S2 0->-;l/Kl2 1 i:^«S* 
40 e,nt^5. f 10->-;VKl3 1 «u /^-^at'^lc 
*--)T«fiE$nSc IMDi?3«, JBIO-^F 
jg 3 1 &Zfm2<D'>—?V FH 2 1 OMlcEB*tlT(/> 
5o W»«l5«7 3t4x ^SS^ABS 1 3, 1 4 K^A, 

C 0 1 0 9] D *tF 3 It, E^KftSSCft**? 

CO 1 1 0] 5. »I«^7 FO«ifi*te 
so 13 3 3-13 9 9tt@2 9~@3 2 k^LfcSHglK^y 
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FOSifcfriSfcKWf S0"C&5o 02 6-02 8tC^ 

[01111^3 3— 09 9fc*f WMJMK*^ FOl! 
jfi#»li, its 03 3^r^x;M 0 0<D±TS»t 
2n&o 9X/M o 0<O-ffi±tcii. W^ffiOS^iaii 
yo-fe^fc^TbfcMW*^ FB*Q 1 l~Qnm 

[0 112] Sf. 03 4. 0 3 Ste/j^i-SlC, 

«tt» 2 1 B3 4ttB3 3ta*Lfc*X^ 

±^ft»«S&9L^y FMK> 1 ^*»-r¥ffiHs 0 3 
5t±0 3 403 5-3 5»^fcWT^5o Si . 
£)&14Jf2 1 tt. NiFe, Co F e. FeNSfcttF 
e Z r N«©«tt*f»*fli^ KJP 0 . 5-3/* mOil 

[o i i 3] 036. 03 7 ic^f- m\ 

7 yi2 1 2 03 61*03 4, 0 3 5 Ic* 

Ek H3 7«H3 603 7-3 7»lc}9ofc»flHT» 
* 0 1 \ &W*y2¥*v?M2 1 2t±. 

NiFe. CoFe. F e N .Sfctt F e Z r N*0«tt 
*f»*ffit\ SiJPO. ■5-3/imOBH^5*5^ 

[01 1 4 ] 038. 039 ^^Tcfc "9 lC. 

W»«2 5 2*««t«. 03 81*03 6. 0 3 7 
bfcXg<D»<0Xg*i*-rB. 03 9^03 803 9- 
3 9»fci&ofc»fEBTfe5o ««*6^K2 5 214. Sg 
1«2 K KH^gP^2 1 lRtf/< 
12 1 2*a^o *«*6^Bi2 5 2tt. A laOi. S i 
Oz. A 1 NSfcteD L Ctllc«fcoT«J$S*l£o ^& 
W»M2 5 2tt, */<y**fcttCVD*0F9>f«« 
»C^TW§^^tf5o «m^K2 5 
2 (0lfi^ 0. 0 1—0. 0 5 /im^Btt^Ci: 

[o 1 1 5] 040. 041 icT^t&vK. mm 
mmm2 5 2©*Efc, a»o»i o»«wf*2 3 1 

fc. »10BWA*I»TT. -#lftXfc»ULT#*r 
£ 0 B4 0»H3 8. H3 9fc*b;fcI8©«<0XS* 
0. 0 4 1 1*0 4 0 0 4 1-4 1 aRlcJ&ofcBriSB 

§s 1 (onmmW2 3 1 a. n*. 
1 OS BI5# 2 3 Hi. mz.i£* c u & £<o*m£Ji 

T««StlS. »1 OSK#»2 3 Hi. 0 5-01 1 
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[0 116] 31 1 QWBMfo 2 3 1 14. -*Ir1XT1^ 
r3^;l4E0#O. 2 5 — 3 \i mOSffl^^^^ 5 
f £o S l oHIi(t2 3 l oBUPlix JPv^###S b 

[0 117] 0 4 2. 0 4 3lC*rr<fcMC PS 

irsfg i (ommmfc2 31-2 31 rsi^tEt^mmm 

MM2 5 2«rRfc£-rSo 04 2 1*0 4 0. 04 1 iC^b 
fcXg<Dfe©Xg%;S?m 0431*0 42043-4 
10 3»fc»ofcKffiBT&So t«B»i2 5 2^KIC 
3fcoT«\ »lO|W«ft2 3 1^^ICU 
V^SfctiR 1 EWOF^^xy^V^SSS^HT-rSo 
[0 1 1 8] 0 4 4. 0 4 5 IC^T^?^. Sll 

^^^f*2 3 1 ©*ffi. &tf. S 1 0®»#»2 3 1 
- 2 3 1 BBlcSnS^ 1 O^ttM 2 1 Oga^:, J5l£i$ 

-*agjPT*a^jsa»»!i2 5 1 sjeatSo B44« 

04 2. 04 3^^UfcXSO*OXS«r^1TB. 04 
51*04 404 5-4 5^Cjftofc»f®0Tfe^)o 
[0 119] «i!2 5 1 I*. *R8HfeSSBt2 5 2 t 
20 IstfSHc. AI2O3. S i O2. AINSfettDLCSK: 
iotI««M. «a^ll2 5 2t*X^*£?ci* 

t§c !Wl2 5 2OiSli0. 0 1-0. 0 5/i 

[0 12 0] 0 4 6. 0 4 7 teSVj"*^^ ^2 

©»BW*2 3 2*»«t5o H4 6ttH4 4, 04 5 
tC^b^XSO^OXS^-rB. 04 71*04 6<D4 
7-4 7«C»o;fcKflBB'e*S. g2©»i»*2 3 

30 #2 3 2 t*. sg 1 o?fBi^*2 3 1 <owifc:#«E-rsi»» 

[0121] 3fcfcs 04 8. 04 9 ICtt^T & r> 
fktC^n^M!2 5 3***TSo H4 8ttH 

4 6. H4 TfcfxLftllOftOItSStR 04 9 
liH4 8^4 9- 4 9*SJCja^fcWfffiBT*So ^^*S 

1WR2 5 3t*. gio»i»»2 3 1 . m2<Dmmmte 

2 3 2. K@^2 1 1 V 72 1 2 0t 

■^9oTW§c ^S*6^2 5 3ti. AI2O3. 
40 S i 0 2 ®cJ:oTi^n§o JKWfetMR2 5 3t*X 

[0 12 2] ^tc. 0 5 0. 05 1 ic^rTcfc-Mc. ^« 
1^112 5 3^ CMPttHUl^OTSft-rao 05 0 

ti04 8. 04 9jc®bfcxao«oxa**'rBs 0 

5 H4B5 00 5 1 - 5 1 »te»-3fcKffiB'T*So ^ 
®«6^Bi2 5 3ti. ^7^>7^I2 1 2<0HH^a 
#U ffiH3§sa5/l2 1 1 1 2^ 

50 [0 12 3] 0 5 2-0 5 4tC7n"Tct^^. 
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y7M2 4*&l£?Z>o 05 21*05 0. 05 1 JC^t 
ftItO*©H**tBx 053t±0 52<D53-5 
3»fc»o^WffiH. B54ttB5205 4-5 4»»C 

MWMIHI2 5 3, *iatf»2 0WH»f*2 3 1. 2 

ZCZifT-ZZo 4***7*2 AhOs, SiO 

2 . A 1 N£fcliDLCSJC«fcoT*ric£*iSo 

/I2 4©ifi^ 0. 0 1-0. 0 5/im(Dii^t io 

[0124] ^Ltv^^\ jbi (onmmwz 3 

1. W2 0WilW*2 3 2. tt«flftff2 1 lfttfX** 
^r t .^2 1 2 0^I^t-yyi2 4£:Jg/£Lfc 
;^y^t7/!2 1 2±©*ty^l2 4*l»i 

^-^VX^CU, A7^>7yi2l2±^ 
*y7Ji2 4%^yv^^R 1 ElOK7^X^f 

[0 12 5] 05 5. 0 5 6 IC^T <fc "5 % 2 

OKffl|2 2tfiPWn5. 05 5140 5 2-0 5 4 *c 

^tcj:m<D'&oxm*7r-?m, 056M55os6 
7 U -2 x *y*&mte£^r&i£,?2>o W2<D*e«"2 

2tis NiFe. CoFeNi. CoFe. F e N. F 
eZ^rNStaDi^Wc tt 2 2 2 <Dffit/¥ 

t£. 0. 5-3/im^B^t§^^^^ *2 
Oltti2 2l4, *>^7Ji2 4fccfcoT^J#£*U ^ 

vtx+vfmz i 2T«««fc»&snT^s. en 30 

lC<fctU Kt 1 2 1 . S2 0«ttl2 2Stf4 i: + 

Ji2 2ti. #li)l^oT^J:^U ^liSTS^ 
[0 12 6] 5fcfc* a-2 08tttl*^*fctT^ 

Ts »20«tti2 2 JCltotlT^4l«»0*t 77 

|2 4«£t5c 

[0 12 7] #IC. 05 7, 0 5 8^^"«t5^ N 
|B»«2 5 2*««-r«o H5 7«H5 5. H5 6fc* 40 

LfcXSO»©Xg*aVr B. 058M57O58- 

5 8»fci&ofcKffiBre**o ^««e»K2 5 214. e 

2©«tt»2 2±»*W5*5^«StlSo *«»fi» 
[0 12 8] 05 9. 0 6 OICttsT^oIC, 

y y/i 2 4 252 o-ff u * 2 

OW»W*2 3 2 0±«€r«tB^* ; 5o 059*405 
7. 0 5 8>CiRLfc^iO»<0Xa*»1-H, 06Ot4 
H5 9©6 0-6 0»te»ofcKffiBIT«3 D ^20rf so 
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BWf*2 5.2<D±»OjR«(6l»|ll2 5 2tt. ^6. H2 
OfVW9«2 5 2©±ffWB/SLfcU^;* 

oi2oiii{*2 3 2fcian»*JE/s-rsc 

[0 1 2 9.] #lC. 06 1. 0 6 2 ^^rTck^C. ffiS 
^3 0llift2 3 3*»tiE"rSo 06 1 1405 9. 

0 6 Olc^LfclgO&OXS^-rEk i62M6 

1 06 2-6 2«^SSofc»fBBHT*So S3€»»If 
#2 3 314. ?U-A;*y*ffiftHfc*DJBJ«£*U ± 
EBBPSPfciiU fg2 0Sa#f*2 3 2tca^LT3i^ 
±tfS. »3©»i»*2 3 3ttH Cu4HO»t*R 
##fcck94»«Sft3. ^30IS»#2 3 3^)If 
&4. 1. 5^4/imd»^LK S30SIi* 

2 3 3£>. 05—01 nc0^L^XStC*UTJgJ5E^ 

[0 13 0] 0 6 3. 06 4 IC^rT^-MC ^3 

(D^a*^*2 3 3*^*^t^ *8®*&*i^2 5 2^: 
i=U V^£fct4R I ESOK7^xyfV^ftlc<fct), 
^£f§ 0 06 31406 1. 06 2&C^LfcXg£>f££> 
XS^1"is 06 4 15:06 3^6 4 -6 4^Cfp v ofc 

[0131] 065. 06 6Ui;jVr £-Mc. 

SSHBI2 5 l*JB«-TSo 06 51406 3. 06 4tC^ 
LfcXSO^cOXS^r*-r0. B6 6liB6 50.6 6- 
6 6»lC»ofcKffiHT«So «TO1I2 5 

3 0«W«M*2 3 3©«a. Rtf. |g3 0i?flg##2 3 

3-233 wicsm** 1 2 3 1 com^*, 

ISffiS— ftBUrCWS. «H2 5 1 lCO^Tl4. 

[0132] 0 6 nc^T&vic, m3(ommm 

W2 3 3 0ft*±*D»»©*«*<Ml2 5 l*^** 
ICLT. »3 0«W#2 3 3©3t^±#!>»#JK5W> 

iffi»!25i^ 5yyy$fcttRiE*oK?^ 

XyfV^aD> R^fSo 06 71406 5. 06 
6tc^LfcXg^£OX§^T0T&& o C^XglC 
cfct). g3 0»I»*2 3 30±9tf8ttiU g^fiMS. 

[0 13 3] 0 6 8 KlTjrT £ ? l4 0HSi 

#2 3 4«^tSo 0 6 81406 7 fc/fxl/ftllOft 
OIi*f>tBT»So ^4 055BI^{*2 3 4 14. 7l> 

[0 13 4] |g4<D«R»f*2 3 4 14. S 3 
2 3 3^gE &0\ ^3^®^#»2 3 3- 2 3 3FI 

leans* 1 ©»wi#2 3 1 oiKi^ -r *t> 

■5, fS4<D1*H*tt2 3 4t4. ft4rfl||KicftlttlMUl2 
5 1 **-TSIB3 0WBWf*2 3 3©MK:fe«»3i*n 
*3 0WiWM*2 3 3i:> ^40il^2 3 4 t 
14. K«Slltll»^*5««tt^wabT^*. SI 4 Off 
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mmft 2 34B, c u *£©*«£«*m-e*wt«ft 

5„ S4©SHMK*2 3 4©BUPt4* 1. 5-4 Mm© 

[0 13 5] S6 9titJ:?K« ^ffiS&^Bt"? 

fc3*Ffifl:*2 0«BjaWS. H6 9ttH6 8twtft 
ie©«©lS*jS"*"HT*fc*. ¥±§{£812 014, 

il{tl*2 0l4, AlzOs, S i Oz^»c£»)«JK£n 

So 

[0 13 6] 127 01*06 9tStftISOi<03S% 
jfj-TE, 0 7 llii7 0O7 1-7 lSS^ofcBfffiS 
T*£3. 07 UC0^-f£4MC, R30nHW2 3 
3£SH4©«K8i#2 3 4 fc©±9H4, ¥S{t£tl3£: 
flttHL/TVS. 

[0 1 3 7] 07 2, 0 7 3tC7r;-r<t 0 

t£|ig£2 5 2*«*tS. B72BB70, 0 7 lKf 
Lfcl80*OI8«5tR 073140 72O73- 

7 3j»»c?SoftBf®0t?a&S. *R$*6*iK2 5 214, ¥ 
m<tm 2 0 , HI 3 ©THIBPgtt 2 3 3 Rtf S 4 <D3PKj£# 

2 3 4±gP*S-5 «fc , 5^^ 1 *T-5. i«H2 5 2 

[0 13 8] #tc, 07 4, 07 5ta«-r*dfc» SMS 
2 5 2 <D-gi5^»*L, If 3 (OWmmW 2 3 3 © 
±Si5^SaiS-*5 0 0 7 4 1407 2, 0 7 3tC^LfcX 
gOffcOlSfcas-rHx 075t40 74<D75-75^ 

K»ofcKEHtfa&*. $S3(ommmw2 3 3 ©±35© 

«»tt»»2 5 2fei:s 

t, 1 EioF^^i'jfy^a 

B*fS. »2©WliWM*2 3 2±©U-7 

S„ ieiifctD*30MBW2 3 3teHPaW« 
[0 13 9] 0 7 6—0 7 8lC7r;-r<fc-5^, ^fiifc 

<Dm5<Dmwkm&2 3 5tt&i&?% 0 07 61407 4, 

07 5 K;SLfclS©«M>lS*3*-rH. 0 7 7 140 7 
6(07 7-7 7«K»ofcWSH, 07 81407 6©7 
8-7 8aHC»ofcWffiHT**. . 
[0 14 0] |g5<Q?Hffii»tt2 3 5t4, m®%l&B2 5 
2©«IK, ^10P^RIA=&PiTT, -#fijXteS5llL 
T«RBW-6tl*. If 5©WK^f*2 3 514, HfttfcJg 
jjtStl*. *5©MW»2 3 5I4, Cu4H 

J§^14, VIQIC, ««*6^I12 5 2 ©Affile >>- F«£ 

#J«UT*<. Cft«» 7 U-^^f 

#gf^5. Sg5©)H§ia§tt2 3 514, -SftXWft 

HI 2 3 1 ©K*«, JP^fffiFS 

7U-i»*y*iiKJ:t>JBJ«Ufc*^ ^^7V 
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[0141] £fc, 07 8lC^-T4;-5lC, SI3©^flS^ 
{*2 3 3©&Hj8P (07 5#8S) lc^5©ri^te2 3 
5*«J*r*. !30*lWlt2 3 3 i:, g|5©SlflI3| 
ft 2 3 5 £14, BBneBfc/rLTteaWteSilLTt^So 
^5<D^Ba^ft2 3 5t>, 0 5-01 1 tHStfclS 

[0 1 4 2] 0 7 9—0 8 1 IC^rT^-plC, mte 

16*112 5 2*»*-T3. H7 9ttH7 6—H7 SlCg* 
LftlBOllOl8**tR 080140 79080- 
io 8 0«K:?&t>fcWffiB. 08 1 1407 908 1 -8 1 ft 

icYc*-oK.mmmT'&2>o mm&mm 2 5 2 

•3T14, ^5<0Siil#2 3 5^^tLT, 5 'J V 

[01 43] 082 —0 8 4 iC^f 4: 5 t, f£££ 

&1HR2 5 1 £Jgj£-r3o 08 21408 0, 08 1 iCyn 
UftIl«)«OIfi**ta» 08314082O83- 
8 3MlCjftofc»fB0, 084l40 82<D84-84^ 
fC?ft-pfc»fffl0T*^5 t , 
[0 1 4 4] $m&&&2 5 1 (4, 0 8 31Ctk?3lv 
20 IC, ft 2 2 2, 15 ©WBSISf*: 2 3 5 RtPFffl- 

ft!2 0O», t4«?i$— fcBUPT'?!?,, Sfc, 
&&SI2 5 1 14, 08 4tCiti?K, ¥±Htffll2 0, 
i5CSIS<*2 3 5, I5 0MW*2 3 5-2 3 5 
HlcgHaSSM©^***^ 3 4 * 

mmx-m?. mm&mm2 5 1 ico^ta, srcwrl 

TV>50Ti¥aH44&BS-r5c 

[0 14 5] 0 8 5—0 8 7lc^"f 4;5lc, 15 

©*«»f*2 3 5<Dtt±1*K>®ft<Omm&M!&2 5 1 
^X^fcLT, JS5 0flWW#2 3 5 0ir-S±««*J» 

so ftuft<ommmm2 s 1 * k^^x^^v^ <= y 

V^S, R I ES;&t*) ^<4»3, iit5. 08 5140 
8 2—0 8 4t^b^Xa©^©Xg^-T0s 08 6 
1408 5©8 6-8 6SUC?£iofc»rffi0> 08 71408 
5 ©8 7-8 7»lC?»o^BfE0T?*So ^©&, 
XhvX* £$#j»JML 7 y -> V^ft if »C * o i^s-r 

fi%it45l::tS. c<DXSK4>?, J FS<fcM2 0 
t, Sg5©55&£#2 3 5-2 3 5HlC^n?>H4©S 
40 mm»2 3 4 t, Sg5©iffl&®tt2 3 5 0±»ii«IU 

[0146] 088 IC^-T 4; *> »C, ^6 OSWBI^ 

«:2 3 6«t5. H8 8BH8 5~H8 7fc*Lft 
IlOtOIl^^it'SS. ^6<D?lfli^{*2 3 6 

|#2 3 614, #*«B»CjR«*e!«8l2 5 1 ^tt^l 
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(54) MICRO DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a macro device for improving 
magnetic efficiency by enhancing coil circuit density. 

SOLUTION: The micro device includes a thin film coil 23. The thin film coil 
23 goes around one axis X and has a winding posture advancing winding in 
the direction of the axis X. A coil turn, positioned in the intermediate of the 
three successively adjacent coil turns, is arranged to be inserted by 
spacing a gap from the two coil turns in an interval A produced between 
the two coil turns positioned at both the sides. Concerning the gap, a gap 
width a seen in the direction of the axis X is demarcated by the film 
thickness of an inorganic insulating film 251 and is smaller than a width 0 of 
sach coil turn seen in the same direction. 
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CLAIMS 



Claim(s)] 

Claim 1] It is a micro device including thin film wiring. Said thin film wiring The thin film conductor located in the 
middle among three thin film conductors which are constituted and carry out sequential contiguity by separating and 
aligning two or more thin film conductors in predetermined spacing at a support surface It is the micro device which 
separates a gap, is inserted into spacing between two thin film conductors located in the both sides, is smaller than the 
width of face beta of each thin film conductor as for the gap width of face alpha of said gap, and is demarcated by the 
thickness of an inorganic insulator layer. 

"Claim 2] It is the micro device which is a micro device indicated by claim 1 and said gap width of face alpha has in the 
range of 0.01-0.05 micrometers. 

;Claim 3] It is the micro device indicated by claim 2, and is <=(l/300) alpha/beta<= (1/5). 
******** micro device. 

Claim 4] It is the micro device which it is the micro device indicated by any [ claim 1 thru/or ] of 3 they are, and said 
iiin film wiring is a thin film coil, and said thin film coil goes around around one shaft, and winds and progresses to 
said shaft orientation. 

Claim 5] It is the micro device indicated by claim 4, and the 1st magnetic layer and 2nd magnetic layer are included 
further. Said 1st magnetic layer Said the 1st magnetic layer and said 2nd magnetic layer are a micro device combined 
* in / it is arranged to the exterior of said thin film coil, and said 2nd magnetic layer has penetrated the interior of said 
chin film coil to said shaft orientation, and / the exterior of said thin film coil ] magnetically. 

"Claim 6] It is the micro device with which it is the micro device indicated by claim 5, and said thin film coil adjoins 
said 1 st magnetic layer and said 2nd magnetic layer through the 2nd inorganic insulator layer. 

Claim 7] It is the micro device which is a micro device indicated by claim 6 and said 2nd inorganic insulator layer has 
in the range whose thickness is 0.01-0.05 micrometers. 

Claim 8] The micro device which is a micro device indicated by any [ claim 5 thru/or ] of 7 they are, and is a thin film 
inductor. 

"Claim 9] The micro device which is a micro device indicated by any [ claim 5 thru/or ] of 7 they are, and is the thin 
Sim magnetic head. 

[Claim 10] It is the micro device with which it is the micro device indicated by claim 9, and the reading component is 
further included and said reading component contains a giant magneto-resistance component. 
[Claim 1 1] It is the micro device with which it is the micro device indicated by claim 10, and said giant magneto- 
resistance component contains any of the spin bulb film or a ferromagnetic tunnel junction they are. 
[Claim 12] It is magnetic-head equipment with which are magnetic-head equipment containing the thin film magnetic 
head and head means for supporting, and said thin film magnetic head was indicated by any [ claim 9 thru/or ] of 1 1 
they are, and said head means for supporting come to support said thin film magnetic head. 

[Claim 13] It is the magnetic recorder and reproducing device which is a magnetic recorder and reproducing device 
containing magnetic-head equipment and a magnetic-recording medium, and said magnetic-head equipment was 
indicated by claim 12, and said magnetic-recording medium comes to collaborate with said thin film magnetic head, an< 
performs magnetic-recording playback. 

[Claim 14] On the front face of the 1st insulator layer which is the manufacture approach of a micro device and was 
prepared on the base material After removing said 1st inorganic insulator layer which separates the 1st spacing, and 
forms two or more 1st thin film conductors, next exists between said 1st thin film conductor, The manufacture approach 
Df a micro device including the process which forms the inorganic insulator layer of a wrap 2nd for the front face of sai< 
1 st thin film conductor, and the front face of said base material by almost uniform thickness, next forms the 2nd thin 
film conductor in the state of embedding between said 1st thin film conductor. 
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;Claim 15] On the front face of the 1st insulator layer which is the manufacture approach of a micro device and was 
prepared on the base material Without removing said 1st inorganic insulator layer which separates the 1st spacing, and 
forms two or more 1st thin film conductors, next exists between said 1st thin film conductor The manufacture approach 
of a micro device including the process which forms the inorganic insulator layer of a wrap 2nd for the front face of said 
1st thin film conductor, and the front face of said 1st insulator layer by almost uniform thickness, next forms the 2nd 
thin film conductor in the state of embedding between said 1 st thin film conductor. 

[Claim 16] On the front face of the 1st insulator layer which is the manufacture approach of the micro device containing 
a thin film coil, and was prepared on the base material Separate the 1st spacing and two or more 1st thin film conductors 
are formed in an one direction in line. Next, after removing said 1st inorganic insulator layer which exists between said 
1st thin film conductor, The front face of said 1st thin film conductor, and the front face of said base material which 
appears between said 1st thin film conductor The inorganic insulator layer of a wrap 2nd is formed by almost uniform 
thickness, next the 2nd thin film conductor is formed in the state of insertion between said 1st thin film conductor. The 
sdge of next and said 1st thin film conductor, The manufacture approach of a micro device including the process which 
connects the edge of said 2nd thin film conductor so that the thin film coil which winds and goes to an one direction 
may be formed. 

j Claim 17] On the front face of the 1st insulator layer which is the manufacture approach of the micro device containing 
a thin film coil, and was prepared on the base material Separate the 1st spacing and two or more 1st thin film conductors 
are formed in an one direction in line. Next, without removing said 1st inorganic insulator layer which exists between 
said 1st thin film conductor The front face of said 1st thin film conductor, and the front face of said 1st insulator layer 
which appears between said 1st thin film conductor The inorganic insulator layer of a wrap 2nd is formed by almost 
uniform thickness, next the 2nd thin film conductor is formed in the state of insertion between said 1st thin film 
conductor. The edge of next and said 1 st thin film conductor, The manufacture approach of a micro device including the 
process which connects the edge of said 2nd thin film conductor so that the thin film coil which winds and goes to an 
:>ne direction may be formed. 

[Claim 18] It is the manufacture approach of the micro device indicated by claims 16 or 17. Said base material The 
process which constitutes the 1st magnetic film, and connects the edge of said 1st thin film conductor, and the edge of 
said 2nd thin film conductor so that the coil which winds and progresses to said shaft orientation may be formed Said 
2nd magnetic film is the manufacture approach of the micro device which is parallel to the volume shaft of said thin 
film coil, and is magnetically combined with said 1 st magnetic film including the process which carries out electric 
insulation from said the 1st thin film conductor and said 2nd thin film conductor, and forms the 2nd magnetic film. 



Translation done.] 
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* NOTICES * 

TPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a micro device and its manufacture approach. In this invention, the 
equipment incorporating the thin film magnetic head, a thin film inductor, a semiconductor device, a thin film sensor, a 
thin film actuator, or these is included with a micro device. 
[0002] 

[Description of the Prior Art] As this kind of a micro device, if the thin film magnetic head is taken for an example, the 
write-in component with which that interior is equipped In an air bearing side (Following ABS is called) side (the front 
section is called) The pole tip of the 1st magnetic layer and the pole tip of the 2nd magnetic layer are made to counter 
through a gap layer, magnetic coupling of the 1st magnetic layer and 2nd magnetic layer is carried out to ABS in the 
back section of the opposite side, and a back gap is constituted. Around the back gap, to the film surface of the 1st 
magnetic layer and the 2nd magnetic layer, it is parallel and the plane thin film coil which goes a back gap around at the 
flat surface which intersects perpendicularly mostly to ABS is arranged. 

[0003] Coil length cannot but become long when this common plane thin film coil is used. For this reason, a limitation 
is produced in reduction of an impedance value, and an improvement of a RF property. 

[0004] Moreover, conventionally, the thin film coil was formed with frame plating represented by JP,56-36706,B, the 
resist frame was removed after frame plating processing, and the pars-basilaris-ossis-occipitalis width of face of the 
removed resist frame was used as it was as spacing during a contiguity coil turn. For this reason, the limitation was 
produced in the improvement of a coil circumference consistency and magnetic effectiveness, much more 
miniaturization, etc. 

[0005] JP,200 1-931 13, A considers as the perpendicular circumference structure which changed the coil circumference 
shaft 90 degrees from plane coil structure, enables contraction of magnetic-path length, and reduction of eddy current 
loss, and is indicating the thin film magnetic head which raised the RF property. 

[0006] However, since the pars-basilaris-ossis-occipitalis width of face of the resist frame removed after plating 
processing was used as it was as spacing during a contiguity coil turn, the case of the technique indicated by this well- 
known reference also had a limitation in the improvement of a coil circumference consistency and magnetic 
effectiveness, the miniaturization, etc. 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problems of this invention are the micro device which raises a 
wiring consistency and may improve a component consistency, and offering a semiconductor device especially. 
[0008] Another technical problem of this invention is the micro device which shortened coil length, was made to reduce 
an impedance value, and has improved the high frequency property after securing required magnetomotive force, and 
offering the thin film magnetic head and a thin film inductor especially. 

[0009] It is the micro device of this invention which another technical problem's raises a coil circumference consistency 
further, and can improve magnetic effectiveness, and offering a thin film inductor or the thin film magnetic head 
especially. 
[0010] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, the micro device concerning 
this invention includes thin film wiring. Said thin film wiring is constituted [ spacing / predetermined ] by the support 
surface by separating and aligning in two or more thin film conductors. 

[001 1] In said thin film wiring, into spacing between two thin film conductors located in the both sides, the thin film 
conductor located in the middle of three thin film conductors which carry out sequential contiguity separates a gap, and 
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is inserted. 

[001 2] The gap width of face alpha of said gap is smaller than the width of face beta of each thin film conductor, and is 
demarcated by the thickness of an inorganic insulator layer. 

[0013] In this invention, a gap is separated and inserted in this micro device into spacing which produces the thin film 
conductor located in the middle of three thin film conductors which adjoin one by one between the thin film conductors 
located in those both sides. 

[0014] Three thin film conductors which adjoin one by one are extracted, and when spacing between two thin film 
conductors located in the both sides of that middle thin film conductor is considered, this spacing can be conventionally 
made equivalent to spacing between the contiguity thin film conductors which remained as pars-basilaris-ossis- 
occipitalis width of face of a resist frame according to this configuration. Since a middle thin film conductor is in this 
spacing in the case of this invention, insertion thin film wiring structure which inserted another thin film conductor in 
spacing between the contiguity thin film conductors which remained as pars-basilaris-ossis-occipitalis width of face of a 
resist frame is realized conventionally. By implementation of this insertion thin film wiring structure, the height and the 
magnetic effectiveness which raise a thin film wiring consistency remarkably can be improved. 

[001 5] The gap width of face alpha which the micro device rolled and was seen towards progressing is smaller than the 
thin film conductor width beta of each thin film conductor seen in this direction, and the dimension is demarcated by the 
thickness of the inorganic insulator layer in a gap. An inorganic insulator layer can be formed by the spatter or CVD 
(chemical . vapor . DEPOJISSHON). Therefore, to the limitation of such thin film coating technology, gap width of face 
alpha can be made detailed, and a thin film wiring consistency can be raised. 

[0016] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator layei 
with such gap width of face alpha is a spatter or CVD, and can be formed certainly. Moreover, if it is this range, 
required electric insulation can be secured. 

[0017] Preferably, the gap width of face alpha and each thin film conductor width beta are <=(l/300) alpha/beta<= 

(1/5). 
******** 

[0018] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the thin film conductor width beta becomes the range of 0.25-3 micrometers. If the thin film conductor 
width beta is in such range, as equipment incorporating the semiconductor device which are the main examples of 
application of this invention, a thin film inductor, the thin film magnetic head, a thin film sensor, a thin film actuator, or 
these, it is enough. 

[0019] In application to a semiconductor device, the thin film wiring structure mentioned above is applied. Thereby, a 
wiring consistency can be raised and the semiconductor device which has improved the component consistency can be 
Dbtained. 

[0020] In application to a thin film inductor, thin film wiring is a thin film coil. Said thin film coil goes around around 
Dne shaft, and winds and progresses to said shaft orientation. 

[0021] In said thin film coil, between said two coil turns, the coil turn which adjoins one by one and which is located in 
the middle of three coil turns (thin film conductor) separates a gap, and, according to the definition of a micro device, is 
inserted into spacing during two coil turns located in the both sides. Said gap has the gap width of face alpha smaller 
than the coil width of face beta of each coil turn seen in this direction seen by said shaft orientation, and is demarcated 
by the thickness of an inorganic insulator layer. 

i 0022] As mentioned above, in the thin film inductor concerning this invention, a thin film coil goes around around one 
shaft, and has the volume style which winds and progresses to shaft orientation. This volume style is the perpendicular 
circumference structure which changed the coil circumference shaft 90 degrees from plane coil structure. Therefore, the 
advantage by perpendicular circumference structure is acquired. 

[0023] In this thin film coil, into spacing which produces the coil turn which adjoins one by one, and which is located ir 
the middle of three coil turns between the coil turns located in those both sides, a gap is separated and it has inserted in 
this invention. 

[0024] Three coil turns which adjoin one by one are extracted, and when spacing during two coil turns located in the 
both sides of a coil turn of that middle is considered, this spacing can be conventionally made equivalent to spacing 
iuring the contiguity coil turn which remained as pars-basilaris-ossis-occipitalis width of face of a resist frame 
according to this configuration. Since a middle coil is in this spacing in the case of this invention, insertion coil structur 
which inserted another coil turn in spacing during the contiguity coil turn which remained as pars-basilaris-ossis- 
Dccipitalis width of face of a resist frame is realized conventionally. For this reason, after securing the same 
magnetomotive force as the former, coil length can be shortened, an impedance value can be reduced and a RF property 
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can be improved. 

[0025] Moreover, by implementation of insertion coil structure, a coil circumference consistency is raised and magnetic 
effectiveness can be improved. 

[0026] The gap width of face alpha which the thin film coil rolled and was seen towards progressing is smaller than the 
coil width of face beta of each coil turn seen in this direction, and the dimension is demarcated by the thickness of the 
inorganic insulator layer in a gap. An inorganic insulator layer can be formed by the spatter or CVD (chemical . vapor . 
DEPOJISSHON), as mentioned above. Therefore, to the limitation of such thin film coating technology, gap width of 
face alpha can be made detailed, and a coil circumference consistency can be raised. 

[0027] In the case of a thin film inductor, it is used as a track where a thin film coil produces an inductance as it is. The 
thin film inductor may have the thin film core with the thin film coil. Furthermore, the dimension range of the gap width 
of face alpha, the formation approach of the inorganic insulator layer which demarcates the gap width of face alpha, the 
relative relation that the gap width of face alpha and the coil width of face beta should fill follow the place explained in 
the micro device with thin film wiring structure. 

[0028] In application to the thin film magnetic head, this invention is applied to the thin film coil of a write-in 
component. The thin film magnetic head may contain the reading component. Said reading component can contain a 
giant magneto-resistance component. Said giant magneto-resistance component can contain any of the spin bulb film or 
a ferromagnetic tunnel junction component they are. 

[0029] Of course, the thin film magnetic head concerning this invention can be used for realizing magnetic-head 
equipment and a magnetic recorder and reproducing device. 

[0030] This invention indicates further the manufacture approach of the micro device mentioned above. By the 
manufacture approach concerning this invention, first, the 1st spacing is separated on the front face of a base material, 
and two or more 1st thin film conductors are formed in it in line. 

[003 1] Next, the inorganic insulator layer of a wrap 2nd is formed for the front face of said 1st thin film conductor, and 
the front face of said base material which appears between said 1st thin film conductor by almost uniform thickness. 
[0032] Next, the 2nd thin film conductor is formed in the state of insertion between said 1st thin film conductor. 
[0033] The insertion structure which inserted the 2nd thin film conductor between the 1st thin film conductor is 
realizable by including the above process as a base. In addition, although it is natural, when the 2nd thin film conductor 
becomes the maximum outside, the 2nd thin film conductor of the maximum outside concerned does not serve as 
insertion structure. 

[0034] In the case of the micro device containing a thin film coil, the process which connects the edge of said 1st thin 
film conductor and the edge of said 2nd thin film conductor so that the thin film coil which winds and goes to an one 
direction may be formed is added after this. In formation of a thin film coil, the formation process of an inorganic 
insulator layer, a flattening process, the formation process of a thin film conductor, etc. are performed suitably. 
[0035] Other purposes, configurations, and advantages of this invention are explained in more detail with reference to 
an accompanying drawing. A drawing shows a mere example. 
[0036] 

[Embodiment of the Invention] 1 . The top view of the micro device which micro device drawing 1 with thin film wiring 
structure requires for this invention, and drawing 2 are the sectional views which met two to 2 line of drawing 1 . An 
illustration example shows the micro device which can be applied to the thin film wiring structure in a semiconductor 
device, and contains the thin film wiring 23 and the inorganic insulator layer 251 . 

[0037] The thin film wiring 23 separates the predetermined spacing A on the front face of a base material, aligns two or 
more thin film conductors 231 and 232 on it in an one direction X, and is constituted. The configuration of the thin film 
wiring 23, the number, etc. are arbitrary, and drawing shows the example. As for a base material 16, a front face is 
constituted by the inorganic insulator layer 255 at least. The inorganic insulator layer 255 is constituted by aluminum 
203, Si02, A1N or DLC (diamond-. -like . carbon), etc. 

[0038] In the illustration example, the outside of the group of the thin film wiring 23 is equipped with the inorganic 
insulator layer 256. The inorganic insulator layer 256 is also constituted by aluminum 203, Si02, A1N or DLC, etc. 
However, the inorganic insulator layer 256 is not indispensable, moreover, the conductor used for the thin film wiring 
23 bottom as a plating electrode layer — the film 281 exists, a conductor - the film 281 will be omitted if the thin film 
wiring 23 is not formed by plating. 

[0039] In the thin film wiring 23, the thin film conductor 232 located in the middle among three thin film conductors 
23 1, 232, and 23 1 which adjoin one by one separates a gap to the interior of the spacing A between two thin film 
conductors 23 1 -23 1 located in the both sides, and is inserted in it. 

[0040] The gap width of face alpha of a gap is smaller than the width of face beta of each thin film conductors 231 and 
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232. This gap width of face alpha is demarcated by the thickness of the inorganic insulator layer 25 1 . The inorganic 
insulator layer 251 is constituted by aluminum 203, Si02, A1N or DLC, etc. 

[0041] According to the configuration of this invention, three thin film conductors 231, 232, and 231 which adjoin one 
by one are extracted, and when the spacing A between two thin film conductors 23 1 -23 1 located in the both sides of thai 
middle thin film conductor 232 is considered, this spacing A is conventionally corresponded to spacing between the 
contiguity thin film conductors 231-231 which remained as pars-basilaris-ossis-occipitalis width of face of a resist 
frame. Since the middle thin film conductor 232 is in the interior of this spacing A, insertion thin film wiring structure 
which inserted another thin film conductor 232 to the interior of the spacing A between the contiguity thin film 
conductors 23 1 -23 1 which remained as pars-basilaris-ossis-occipitalis width of face of a resist frame is realized 
conventionally. When [ to a semiconductor device ] it applies, a wiring consistency is raised for this insertion thin film 
wiring structure, and a component consistency can be improved. 

[0042] The gap width of face alpha is smaller than the thin film conductor width beta of each thin film conductors 23 1 
and 232, and the dimension is demarcated by the thickness of the inorganic insulator layer 251 in a gap. The inorganic 
insulator layer 251 can be formed by the spatter or CVD (chemical . vapor . DEPOJISSHON). Therefore, to the 
limitation of such thin film coating technology, gap width of face alpha can be made detailed, and a thin film wiring 
consistency can be raised. 

[0043] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator laye: 
251 with such gap width of face alpha is a spatter or CVD, and can be formed certainly. Moreover, if it is this range, 
required electric insulation can be secured. 

[0044] Preferably, the gap width of face alpha and each thin film conductor width beta are <=(l/300) alpha/beta<= 

(1/5). 
******** 

[0045] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the thin film conductor width beta of each thin film conductors 231 and 232 becomes the range of 0.25-3 
micrometers. If the thin film conductor width beta is in such range, as a semiconductor device which are the main 
examples of application of this invention, it is enough. 

[0046] 2. Manufacture approach drawing 3 of a micro device with thin film wiring structure - drawing 21 are drawings 
explaining the manufacture approach of the micro device shown in drawing 1 and drawing 2 . First, as are shown in 
drawing 3 , and the whole surface prepares the plane base material 16 and shows drawing 4 , the inorganic insulator 
layer 255 is formed in the front face of this base material 16. The inorganic insulator layer 255 can be formed by the 
spatter or CVD. The inorganic insulator layer 255 is constituted by aluminum 203, Si02, A1N or DLC, etc. 
[0047] next, the conductor which serves as a plating electrode layer on the front face of the inorganic insulator layer 25f 
as shown in drawing 5 — the film 281 is formed, a conductor ~ the film 281 can be formed by the spatter or CVD. this 
conductor — as for the film 281, it is desirable that it is the same ingredient as thin film wiring galvanized later. 
[0048] next, it is shown in drawing 6 — as — a conductor — the photoresist film 291 is applied to the front face of the 
film 281. A well-known ingredient is sufficient as the photoresist film 291, for example, it can be formed with the 
means of a spin coat etc. The photoresist film 291 is heated if needed. 

[0049] Next, as shown in drawing 7 , using a photo mask M, the photoresist film 291 is exposed and it imprints on the 
photoresist film 291 by making a mask pattern into a latent image. A photo mask M has a mask pattern according to a 
circuit pattern. The photoresist film 291 may be heated if needed, after imprinting a latent image. 
[0050] Next, by developing with a developer the photoresist film 291 with which the latent image was imprinted, and 
passing through processes, such as washing in cold water and desiccation, further, as shown in drawing 8 , it has width 
of face A and the resist frame 292 which separated spacing beta and aligned in the direction of X is formed. 
[0051] next, a conductor — frame plating is performed by making the film 281 into a plating electrode layer, and as 
shown in d rawin g 9 , the 1st thin film conductor 231 of width of face beta is grown up into resist inter-frame. The 1st 
thin film conductor 231 is constituted as plating film, such as Cu and Au. 

[0052] Next, as the dissolution exfoliation or ashing using an organic solvent removes the resist frame 292 and it is 

shown in drawing 10 , it leaves only the 1 st thin film conductor 23 1 . The 1 st thin film conductor 23 1 has width of face 

beta, and the 1st adjoining thin film conductor 231 separates spacing A mutually, and is formed. 

[0053] next, the 1st thin film conductor 231 — a mask — carrying out — the conductor between the 1st thin film 

conductor 23 1 — dry etching, such as RIE or milling, or wet etching removes the film 281 . As shown in drawing 1 1 , th< 

inorganic insulator layer 255 comes to be thereby, exposed again between the 1st thin film conductor 23 1 . 

[0054] Next, as shown in drawing .12 , the inorganic insulator layer 251 is formed so that the front face of the 1st thin 

film conductor 23 1 and the front face of the inorganic insulator layer 255 may be covered by almost uniform thickness. 
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[Tie inorganic insulator layer 251 can be formed by the spatter or CVD. The inorganic insulator layer 25 1 is constituted 
>y aluminum 203, Si02, A1N or DLC, etc. In illustration, spacing which the inorganic insulator layer 251 has 
rhickness alpha, and was seen on the front face of the inorganic insulator layer 251 between the 1st adjoining thin film 
conductor 23 1-23 1 is beta. In the case of the illustration example, Thickness alpha and spacing beta serve as 2 
ilpha+beta=A to spacing A. 

0055] next, the conductor which serves as a plating electrode layer with means, such as a spatter or CVD, on the front 
iace of the inorganic insulator layer 251 as shown in drawing 13 - the film 282 is formed, this conductor - as for the 
51m 282, it is desirable that it is the same ingredient as thin film wiring galvanized later. 

0056] next, it is shown in drawing 14 - as - a conductor - the photoresist film 293 is applied to the front face of the 
ilm 282. A well-known ingredient is sufficient as the photoresist film 293, for example, it can be formed with the 
neans of a spin coat etc. The photoresist film 293 is heated if needed. 

0057] Next, as shown in drawing„15 , using a photo mask M, the photoresist film 293 is exposed and it imprints on the 
photoresist film 293 by making a mask pattern into a latent image. A photo mask M has a mask pattern which covers the 
vhole group of the 1st thin film conductor 231. The photoresist film 293 may be heated if needed, after imprinting a 
atent image. 

0058] Next, by developing with a developer the photoresist film 293 with which the latent image was imprinted, and 
passing through processes, such as washing in cold water and desiccation, further, as shown in drawing 16 , the resist 
xame 294 which has a pattern which covers the whole group of the 1st thin film conductor 231 is formed. 
0059] next, a conductor — frame plating is performed by making the film 282 into a plating electrode layer, and as 
shown in drawing 17 , the 2nd thin film conductor 232 is grown up. The 2nd thin film conductor 232 is constituted as 
plating film, such as Cu and Au. The 2nd thin film conductor 232 is formed in the state of insertion so that between the 
1st thin film conductor 23 1 may be filled. 

0060] Next, as the dissolution exfoliation or ashing using an organic solvent removes the resist frame 294 and it is 
>hown in drawingj„8 , it leaves the 2nd thin film conductor 232. 

0061] next, the conductor which remained in the outside of the 2nd thin film conductor 232 — dry etching, such as RIE 
>r milling, or wet etching removes the film 282 by using the 2nd thin film conductor 232 as a mask. Thereby, as shown 
n drawing 19 , the inorganic insulator layer 251 comes to be exposed again. 

0062] Next, as shown in drawing 20 , the inorganic insulator layer 256 with which flattening is presented is formed, 
[lie inorganic insulator layer 256 is constituted by aluminum 203 and Si02 grade. The inorganic insulator layer 256 
:an be formed by the dry thin film forming methods, such as a spatter or CVD. 

0063] Next, flattening of the inorganic insulator layer 256 is carried out by CMP etc. thereby - the 1st conductor - a 
hin film 231 - the wrap inorganic insulator layer 251 — the 1st conductor — it removes from the front face of a thin 
ilm 231, the inorganic insulator layer 251 separates the 1st thin film conductor 231 and 2nd thin film conductor 232, 
ind the insertion thin film wiring structure where the 2nd thin film conductor 232 was inserted in between the 1st thin 
51m conductor 231-231 of the both sides is acquired (refer to drawing 1 and drawing 2 ). In addition, in the case of an 
example, the 2nd thin film conductor 232 is located in the maximum outside, and about the 2nd thin film conductor 232 
pf this maximum outside, although it is natural, it does not become insertion structure. 

0064] Drawing 22 - drawing 25 are drawings showing some [ in another example of the manufacture approach of a 
nicro device with thin film wiring structure / the ] processes. Drawing 22 is drawing showing the condition after 
performing the process of drawing 4 - drawing 9 , and corresponds to drawing 10 . then, it is shown in drawing 23 -- as • 
the 1 st thin film conductor 23 1 - a mask - carrying out - the conductor between the 1 st thin film conductor 23 1 - dn 
etching, such as RIE or milling, or wet etching removes the film 281 and the inorganic insulator layer 255. Thereby, as 
shown in drawin g 23 , the front face of a base material 1 6 comes to be exposed between the 1 st thin film conductor 23 1 . 

0065] Next, as shown in drawing 24 , the inorganic insulator layer 251 is formed by the spatter or CVD so that the fron 
face of the 1st thin film conductor 23 1 and the front face of a base material 16 may be covered by almost uniform 
hickness. 

0066] next, the conductor which serves as a plating electrode layer with means, such as a spatter or CVD, on the front 
face of the inorganic insulator layer 251 as shown in drawing 25 - the film 282 is formed. 

0067] Then, the micro device shown in drawing 1 and drawing ^ is obtained by performing the process shown in 
irawing 14 - drawing 21 . 

0068] When passing through the process shown in dr awin g 22 - drawing 25 , the thickness of the 1st thin film 
conductor 23 1 and the 2nd thin film conductor 232 (refer to drawing 1 and drawing 2 ) becomes almost equal. 
0069] 3. The top view of the micro device which micro device drawing 26 as a thin film inductor requires for this 
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invention, the sectional view where drawin g 27 met 23 to 23 line of drawin g 26 , and drawing 28 are the cross sections 
vvhich met 24 to 24 line of drawing 26 . An illustration example shows the micro device materialized as a thin film 
inductor, and contains the thin film coil 23 and the inorganic insulator layer 251 . 

;0070] The thin film coil 23 goes around around one shaft X, and has the volume style which winds and progresses in 
: he direction of Shaft X. The thin film coil 23 is constituted by electric conduction metallic materials, such as Cu 
^copper). The thin film coil 23 is formed by frame plating etc. They are terminals Tl and T2 the end-winding end of the 
ihin film coil 23. An insulator layer 252 (refer to drawing 27 ) exists in the terminals Tl and T2 bottom. The thin film 
-oil 23 has the coil turn of the number of arbitration. In this invention, the coil turn is synonymous with the coil film. 
[0071] Moreover, in the both ends of the direction of Shaft X, and the direction which intersects perpendicularly, the 
thin film coil 23 shown in an example carries out the laminating (refer to drawing 28 ) of the thin film conductor of 
three layers, and has adjusted height. The number of laminatings of the thin film conductor in both ends is selected 
according to the height demanded. 

0072] The inorganic insulator layer 251 buries the gap width of face alpha during a contiguity coil turn. The inorganic 
insulator layer 251 is constituted by aluminum 203, Si02, A1N or DLC (diamond-.-like . carbon), etc. The inorganic 
insulator layer 25 1 can be formed by the dry thin film forming methods, such as a spatter or CVD. 
0073] In the thin film coil 23, the coil turn which adjoins one by one and which is located in the middle of three coil 
turns separates the gap width of face alpha to the interior of the spacing A produced between the coil turns located in the 
3oth sides, and is inserted in it. The gap width of face alpha is smaller than the coil width of face beta of each coil turn, 
ind is demarcated by the inorganic insulator layer 251 which exists in the interior. 

0074] The thin film coil 23 goes around around one shaft X, and has the volume style which winds and progresses in 
he direction of Shaft X in the micro device shown in drawing 26 - drawing 28 , i.e., a thin film inductor. This volume 
style is the perpendicular circumference structure which changed the coil circumference shaft 90 degrees from plane 
x>il structure. Therefore, the advantage by perpendicular circumference structure is acquired. 

0075] Moreover, three coil turns which adjoin one by one are extracted, and when the spacing A during two coil turns 
located in the both sides of a coil turn of that middle is considered, this spacing A can be conventionally made 
equivalent to spacing during the contiguity coil turn which remained as pars-basilaris-ossis-occipitalis width of face of a 
resist frame. Since a middle coil is in the interior of this spacing A in the case of this invention, insertion coil structure 
which inserted another coil turn to the interior of the spacing A during the contiguity coil turn which remained as pars- 
:>asilaris-ossis-occipitalis width of face of a resist frame is realized conventionally. 

0076] For this reason, after securing the same magnetomotive force as the former, coil length can be shortened, an 
impedance value can be reduced and a RF property can be improved. 

0077] The gap width of face alpha of a gap seen in the direction of Shaft X is smaller than the coil width of face beta o1 
each coil turn seen in this direction. This gap width of face alpha is demarcated by the thickness of the inorganic 
insulator layer 251 of that interior. The inorganic insulator layer 251 can be formed by the spatter or CVD. Therefore, tc 
lie limitation of such thin film coating technology, gap width of face alpha can be made detailed, and a coil 
circumference consistency can be raised. 

0078] Preferably, the gap width of face alpha is set as the range of 0.01-0.05 micrometers. The inorganic insulator laye 
251 with such gap width of face alpha is a spatter or CVD, and can be formed certainly. Moreover, if it is this range, 
required electric insulation can be secured in application to a thin film inductor. 

0079] Preferably, the gap width of face alpha during a contiguity coil turn and the coil width of face beta of each coil 

urn are <=(l/300) alpha/beta<= (1/5). 
******** 

0080] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
nicrometers, the coil width of face beta of each coil turn becomes the range of 0.25-3 micrometers. If the coil width of 
face beta of each coil turn is in such range, as a thin film inductor which are the main examples of application of this 
nvention, it is enough. 

0081] In the example shown in drawing 26 - drawing_28 , the 1st magnetic layer 21 and 2nd magnetic layer 22 are 
ncluded further. The 1st magnetic layer 21 is supported by the insulating layer 16 which constitutes a base material, an< 
s arranged to the exterior of the thin film coil 23. An insulating layer 16 is constituted by the inorganic insulating 
naterial 203, for example, aluminum, Si02, A1N or DLC, etc. 

0082] In the illustration example, the whole surface is a plane and the 1st magnetic layer 21 has spread on the whole 
surface of an insulating layer 16 more widely than the occupancy area of the thin film coil 23. The 2nd magnetic layer 
12 has penetrated the interior of the thin film coil 23 in the direction of Shaft X. 

0083] The 1st and 2nd magnetic layers 21 and 22 can be constituted using magnetic materials, such as NiFe, CoFe, 
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FeN, or FeZrN. Each of the 1st and 2nd magnetic layers 21 and 22 may be monolayer structure, and may be multilayer 
structure. Each thickness of the 1st and 2nd magnetic layers 21 and 22 is set as the range of 0.5-3 micrometers. Such 1st 
and 2nd magnetic layers 21 and 22 can be formed with frame plating. 

[0084] The 1st and 2nd magnetic layers 21 and 22 of each other are magnetically combined in the exterior of the thin 
film coil 23. Thereby, the closed magnetic circuit by the 1st and 2nd magnetic layers 21 and 22 is formed. That is, the 
1st and 2nd magnetic layers 21 and 22 constitute the thin film core of a closed magnetic circuit. 
[0085] Furthermore, in the illustration example, the thin film coil 23 adjoins the 1st magnetic layer 21 and the 2nd 
magnetic layer 22 through the inorganic insulator layer 252. Since an ingredient presentation, the formation approach, 
thickness, etc. of the inorganic insulator layer 252 are the same as the inorganic insulator layer 251 which buries the gap 
width of face alpha during a contiguity coil turn, explanation is omitted. 

[0086] Unlike an illustration example, the 1st and 2nd magnetic layers 21 and 22 can also omit this. In this case, it 
becomes an air core type thin film inductor. 

10087] Furthermore, although drawing 26 - drawing 28 only show the single thin film coil 23, they may be the 
Combination of two or more thin film coils 23. When it has two or more thin film coils 23, you may make it able to 
become independent separately and a serial, juxtaposition, or a serial parallel can adopt the connection structure of 
arbitration. Furthermore, a thin film inductor may be the gestalt of the completed electronic parts as itself, and may be 
an element which constitutes the part in an integrated circuit etc. 

[0088] 4. The top view showing the coil structure of the thin film magnetic head which micro device drawing 29 as the 
thin film magnetic head was shown in the perspective view of the thin film magnetic head, and showed drawing 30 in 
drawing 29 , the sectional view where drawing 31 met 27 to 27 line of drawing 30 , and drawing 32 are the sectional 
views which met 32 to 32 line of drawing 30 . The illustrated thin film magnetic head contains a slider 1, the write-in 
component 2, and the reading component 3. 

[0089] A slider 1 has rails 1 1 and 12 in a medium opposed face side, and the front face of a rail is used as air bearing 
sides (Following ABS is called) 13 and 14. Rails 1 1 and 12 are not restricted to two. It may become the flat surface 
which may have 1 -3 rails and does not have a rail. Moreover, various geometry may be given to a medium opposed face 
for a surfacing property improvement etc. Even if it is the slider 1 of which type, application of this invention is 
possible. Moreover, since a slider 1 is equipped with protective layers, such as DLC which has about 3-8nm thickness, 
on the surface of a rail, in such a case, the front face of a protective layer serves as ABS 13 and 14. A slider 1 is the 
ceramic structure which formed the insulating layer 16 of aluminum 203 and Si02 grade in the front face of the base If 
which becomes by aluminum203-TiC etc. 

10090] The write-in component 2 is an induction type MAG sensing element, and the reading component 3 is a MR 
Component. The write-in component 2 and the reading component 3 are seen in the flow direction Fl of air, and both 
Dne side [ of rails 1 1 and 12 ] or air outflow edge (trailing . edge) TR side is equipped with them, a slider 1 is equipped 
with the write-in component 2 and the reading component 3 -- having - electromagnetism — the edge for conversion is 
located in ABS 13 and 14 and the location which approached. The ejection electrodes 29 and 30 which were connected 
to the write-in component 2 and which took out and were connected to electrodes 27 and 28 and the reading component 
3 are formed in the side face in the air outflow edge TR side, respectively. 

0091] The write-in component 2 has the gap layer 24 which becomes with the 1st magnetic layer 21 which serves as 
the 2nd [ to the reading component 3 ] shielding layer, the 2nd magnetic layer 22, the thin film coil 23, an alumina, etc., 
die inorganic insulator layers 251 and 252, a protective layer 26, etc. Independently of the 1st magnetic layer 21, you 
Ttay have the 2nd shielding layer. 

0092] The thin film coil 23 goes around around one shaft X, and has the volume style which winds and progresses in 
die direction of Shaft X. The thin film coil 23 is constituted by electric conduction metallic materials, such as Cu 
[copper). The thin film coil 23 is formed by frame plating etc. They are terminals Tl and T2 the end-winding end of the 
thin film coil 23. Terminals Tl and T2 are connected to the ejection electrodes 27 and 28, respectively. The thin film 
soil 23 has the coil turn of the number of arbitration. 

0093] In the thin film coil 23, the coil turn which adjoins one by one and which is located in the middle of three coil 
aims separates the gap width of face alpha to the interior of the spacing A produced between the coil turns located in th< 
30th sides, and is inserted in it. The gap width of face alpha is demarcated by the thickness of the inorganic insulator 
layer 251. 

0094] The inorganic insulator layer 251 buries the gap width of face alpha during a contiguity coil turn. The inorganic 
insulator layer 251 is constituted by aluminum 203, Si02, A1N or DLC, etc. The inorganic insulator layer 251 can be 
formed by the dry thin film forming methods, such as a spatter or CVD. 

0095] The thin film coil 23 goes around around one shaft X, and has the volume style which winds and progresses in 
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he direction of Shaft X in the micro device shown in drawi ng 29 - drawing 32 , i.e., the thin film magnetic head. This 
/olume style is the perpendicular circumference structure which changed the coil circumference shaft 90 degrees from 
plane coil structure. Therefore, the advantage by perpendicular circumference structure is acquired. 
0096] Moreover, three coil turns which adjoin one by one are extracted, and when the spacing A during two coil turns 
located in the both sides of a coil turn of that middle is considered, this spacing A can be conventionally made 
equivalent to spacing during the contiguity coil turn which remained as pars-basilaris-ossis-occipitalis width of face of a 
resist frame. Since a middle coil is in the interior of this spacing A in the case of this invention, insertion coil structure 
which inserted another coil turn to the interior of the spacing A during the contiguity coil turn which remained as pars- 
Dasilaris-ossis-occipitalis width of face of a resist frame is realized conventionally. 

0097] For this reason, after securing the same magnetomotive force as the former, coil length can be shortened, an 
impedance value can be reduced and a RF property can be improved. 

0098] The gap width of face alpha is demarcated by the thickness of the inorganic insulator layer 251. The inorganic 
insulator layer 251 can be formed by the spatter or CVD. Therefore, to the limitation of such thin film coating 
:echnology, gap width of face alpha can be made detailed, and a coil circumference consistency can be raised. 
0099] Also in application to the thin film magnetic head, the gap width of face alpha is preferably set as the range of 
3.01-0.05 micrometers. The inorganic insulator layer 251 for demarcating such gap width of face alpha is a spatter or 
"VD, and can be formed certainly. Moreover, if it is this range, required electric insulation can be secured in applicatior 
:o the thin film magnetic head. 

0100] Preferably, the gap width of face alpha during a contiguity coil turn and the coil width of face beta of each coil 
urn are <=(l/300) alpha/beta<= (1/5). 

******** The coil width of face beta is the thickness dimension seen in the direction of Shaft X. 
0101] In the above-mentioned conditional expression, when the gap width of face alpha is set as the range of 0.01-0.05 
micrometers, the coil width of face beta of each coil turn becomes the range of 0.25-3 micrometers. If the coil width of 
face beta of each coil turn is in such range, as the thin film magnetic head, it is enough. 

0102] The 1st magnetic layer 21 is supported by insulating layers 33 and 32, and is arranged to the exterior of the thin 
film coil 23. Insulating layers 33 and 32 are constituted by aluminum 203, Si02, A1N or DLC, etc. The 2nd magnetic 
layer 22 has penetrated the interior of the thin film coil 23 in the direction of Shaft X. 

0103] The 1st and 2nd magnetic layers 21 and 22 can be constituted using magnetic materials, such as NiFe, CoFe, 
FeN, or FeZrN. Each of the 1st and 2nd magnetic layers 21 and 22 may be monolayer structure, and may be multilayer 
structure. Multilayering of the 1st and 2nd magnetic layers 21 and 22 may be performed for the purpose of for example, 
a property improvement. Various amelioration and a proposal are made also about the structure of a pole edge from 
viewpoints, such as improvement in narrow-izing of the width of recording track, and record capacity. Each thickness o: 
he 1st and 2nd magnetic layers 21 and 22 is set as the range of 0.5-3 micrometers. Such 1st and 2nd magnetic layers 21 
and 22 can be formed with frame plating. 

0104] The point of the 1st magnetic layer 21 and the 2nd magnetic layer 22 serves as a pole edge which separates the 
gap layer 24 of minute thickness and counters, and writes in in a pole edge. In this invention, any pole structure 
proposed until now is employable. The gap layer 24 is constituted by inorganic insulating layers, such as a non- 
magnetic metal layer or an alumina. 

0105] Further, the 2nd magnetic layer 22 maintains an inner gap between the 1st magnetic layer 21, is prolonged 
behind ABS 13 and 14, and is combined with the 2nd magnetic layer 22 in the back bond part. Thereby, the thin film 
magnetic circuit involving the 1st magnetic layer 21, 2nd magnetic layer 22, and gap layer 24 is completed. 
0106] Furthermore, in the illustration example, the thin film coil 23 adjoins the 1st magnetic layer 21 and the 2nd 
magnetic layer 22 through the inorganic insulator layer 252. Since an ingredient presentation, the formation approach, 
hickness, etc. of the inorganic insulator layer 252 are the same as the inorganic insulator layer 251 which buries the gay 
width of face alpha during a contiguity coil turn, explanation is omitted. 

0107] The protective layer 26 has covered the write-in whole component 2. The protective layer 26 consists of 
inorganic insulating materials of aluminum 203 or Si02 grade. 

0108] It has the 1st shielding layer 31, an insulating layer 32, an insulating layer 33, and the 2nd shielding layer 21 
made to serve a double purpose as the 1st magnetic layer 21 near the reading component 3. The 1st shielding layer 31 is 
constituted by the permalloy etc. The reading component 3 is arranged between the 1st shielding layer 3 1 and the 2nd 
shielding layer 2 1 . The end face has faced the reading component 3 ABS 1 3 and 1 4. 

0109] The reading component 3 contains a giant magneto-resistance component (GMR component). A GMR 
component can be constituted depending on any of the spin bulb film or a ferromagnetic tunnel junction component the; 
are. 
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[01 10] 5. Manufacture approach drawin g 33 of the thin film magnetic head - drawing 99 are drawings explaining the 
manufacture approach of the thin film magnetic head shown in drawing 29 - drawin g 32 . The thin film inductor shown 
in drawing 26 - drawing 28 can also be manufactured according to this manufacture approach. 

[01 1 1] All the manufacture approaches of the thin film magnetic head shown in drawing 33 - drawing 99 are performed 
on the wafer 100 shown in drawing 33 . One which the thin film magnetic-head elements Ql 1-Qnm which completed 
the reading component manufacture process shall have aligned on the whole surface of a wafer 100, and was chosen 
from the thin film magnetic-head elements Ql 1-Qnm is extracted, and the manufacture approach is explained. 
[01 12] First, as shown in drawing 34 and drawing 35 , the 1st magnetic layer 21 is formed in the front face of the 
insulating layers 32 and 33 which laid the reading component 3 underground. The top view showing one of the thin film 
magnetic-head elements seen on the wafer which showed drawing 34 to drawing 33 , and drawing 35 are the sectional 
views which met 35 to 35 line of drawing 34 . As for the 1st magnetic layer 21, it is desirable to form using magnetic 
materials, such as NiFe, CoFe, FeN, or FeZrN, so that it may become the range of 0.5-3 micrometers of thickness. 
Moreover, the l^t magnetic layer 21 can be formed with frame plating etc. 

[0113] Next, as shown in drawing 36 and drawing_37 , the pole tip member 21 1 and the back gap layer 212 are formed 
on the 1st magnetic layer 21 . The top view showing the process at which drawing 36 was performed by the thin film 
magnetic-head element which showed drawing 34 and drawing 35 , and drawing 37 are the sectional views which met 
37 to 37 line of drawin g 36 . Using magnetic materials, such as NiFe, CoFe, FeN, or FeZrN, the pole tip member 211 
and the back gap layer 212 can be formed with frame plating etc. so that it may become the range of 0.5-3 micrometers 
of thickness. 

[0114] Next, as shown in drawing 38 and drawing 39 , the inorganic insulator layer 252 is formed. Drawing showing th< 
process after the process which showed drawing 38 to drawing 36 and drawing 37 , and drawin g 39 are the sectional 
views which met 39 to 39 line of drawing 38 . The inorganic insulator layer 252 is a wrap about the 1st magnetic layer 
21, pole tip member 211, and back gap layer 212. The inorganic insulator layer 252 is constituted by aluminum 203, 
Si02, A1N or DLC, etc. The inorganic insulator layer 252 can be formed by the dry thin film forming methods, such as 
a spatter or CVD. As for the thickness of the inorganic insulator layer 252, it is desirable to consider as the range of 
0.01 -0.05 micrometers. 

[0115] Next, as shown in drawing 40 and d rawi ng 41 , the 1st spacing A is separated, it aligns in an one direction X and 
two or more 1st thin film conductors 231 are formed in the front face of the inorganic insulator layer 252. Drawing 
showing the process after the process which showed drawing 40 to drawing 38 and drawing 39 , and drawing 41 are the 
sectional views which met 41 to 41 line of drawing 40 . The 1st thin film conductor 23 1 is formed in band-like. The 1st 
thin film conductor 23 1 is constituted by electric conduction metallic materials, such as Cu, and is formed of applicatior 
Df frame plating. The 1st thin film conductor 23 1 is formed of the process illustrated to drawing 5 - drawing 1 1 . 
[0116] The 1 st thin film conductor 23 1 is formed so that the coil width of face beta seen in the one direction X may 
serve as range which is 0.25-3 micrometers. Although the thicker one of the thickness of the 1st thin film conductor 231 
is desirable, when it forms by the frame galvanizing method, it can form about 2 times of the coil width of face beta. 
[0117] Next, as shown in drawi ng 42 and drawing 43 , the inorganic insulator layer 252 which exists between the 1st 
adjoining thin film conductor 231-231 is removed. Drawing showing the process after the process which showed 
drawing 42 to drawing 40 and drawin g 41 , and drawing 43. are the sectional views which met 43 to 43 line of drawing 
42 . In removal of the inorganic insulator layer 252, the 1st thin film conductor 23 1 is used as a mask, and the dry 
3tching methods, such as milling or RIE, are performed. 

[0118] Next, as shown in drawing 44 and drawin g 45 , the wrap inorganic insulator layer 251 is formed for the front 
face of the 1st thin film conductor 231, and the front face of the 1st magnetic layer 21 which appears between the 1st 
thin film conductor 231-231 by almost uniform thickness. Drawing showing the process after the process which showec 
drawing 44 to drawing 42 and drawing 43 , and drawing 45 are the sectional views which met 45 to 45 line of drawing 
£4. 

[01 19] The inorganic insulator layer 251 is constituted by aluminum 203, Si02, A1N or DLC, etc. like the inorganic 
insulator layer 252. The inorganic insulator layer 252 can be formed by the dry thin film forming methods, such as a 
spatter or CVD. As for the thickness of the inorganic insulator layer 252, it is desirable to consider as the range of 0.01- 
3.05 micrometers. 

0120] Next, as shown in drawing 46 and drawing 47 , the 2nd thin film conductor 232 is formed. Drawing showing the 
process after the process which showed drawin g 46 to drawing 44 and drawing 45 , and drawin g 47 are the sectional 
yiews which met 47 to 47 line of drawing 46 . The 2nd thin film conductor 232 is formed with frame plating. The 2nd 
thin film conductor 232 is formed in the state of insertion so that the contiguity coil turn spacing A which exists betwee: 
lie 1 st thin film conductor 23 1 may be buried. 
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[0121] Next, as shown in dr awin g 48 and drawing 49 , the inorganic insulator layer 253 with which flattening is 
presented is formed. Drawing showing the process after the process which showed drawing 48 to drawing 46 and 
drawing 47 , and drawing 49 are the sectional views which met 49 to 49 line of drawing 48 . The inorganic insulator 
layer 253 covers and forms the 1st thin film conductor 231, the 2nd thin film conductor 232, the pole tip section 211, 
and the whole back gap 212. The inorganic insulator layer 253 is constituted by aluminum 203 and Si02 grade. The 
inorganic insulator layer 253 can be formed by the dry thin film forming methods, such as a spatter or CVD. 
[0122] Next, as shown in drawing 50 and drawing 51 , flattening of the inorganic insulator layer 253 is carried out by 
CMP etc. Drawing showing the process after the process which showed drawing 50 to drawing 48 and drawing 49 , and 
drawing 51 are the sectional views which met 51 to 51 line of drawing 50 . The inorganic insulator layer 253 remains 
around the back gap layer 212, and flattening of the back gap layer 212 is carried out from the pole tip member 211. 
[0123] Next, as shown in drawing 52 - drawing 54 , the gap layer 24 is formed. Drawing showing the process after the 
process which showed drawing„52 to drawing 50 and drawmg_„51 , the sectional view where drawing_53 met 53 to 53 
line of drawing 52 , and drawin g 54 are the sectional views which met 54 to 54 line of drawing 52 . The gap layer 24 is 
formed in the top face of the inorganic insulator layer 253 by which flattening was carried out, and the 1 st and 2nd thin 
film conductors 23 1 and 232. The gap layer 24 can be formed by the dry thin film forming methods, such as a spatter or 
CVD. The gap layer 24 is constituted by aluminum 203, Si02, A1N or DLC, etc. As for the thickness of the gap layer 
24, it is desirable to consider as the range of 0.01-0.05 micrometers. 

[0124] Although not illustrated, after forming the wrap gap layer 24 for the 1st thin film conductor 231, the 2nd thin 
film conductor 232, the pole tip section 211, and the whole back gap 212, the gap layer 24 on the back gap layer 212 is 
removed. In removal of the gap layer 24, a resist pattern is used as a mask and the dry etching methods, such as milling 
or RIE, are performed for the gap layer 24 on the back gap layer 212. And solvent exfoliation, ashing, etc. remove a 
resist mask. 

[0125] Next, as shown in drawing 55 and drawing 56 , the 2nd magnetic layer 22 is formed. Drawing showing the 
process after the process which showed drawing 55 to drawing 52 - drawing 54 , and drawing 56 are the sectional views 
which met 56 to 56 line of drawing 55 . The 2nd magnetic layer 22 is formed with frame plating etc. The 2nd magnetic 
layer 22 is constituted by NiFe, CoFeNi, CoFe, FeN, FeZrN, etc. As for the thickness of the 2nd magnetic layer 22, it is 
desirable to consider as the range of 0.5-3 micrometers. The 2nd magnetic layer 22 is supported by the gap layer 24, and 
is magnetically combined in the back gap layer 212. Thereby, the thin film magnetic circuit involving the 1st magnetic 
layer 21, 2nd magnetic layer 22, and gap layer 24 is completed. The 2nd magnetic layer 22 may be monolayer structure, 
and may be multilayer structure. 

10126] Next, the 2nd magnetic layer is used as a mask, the dry etching methods, such as milling or RIE, are performed, 
and the gap layer 24 of the part which is not covered with the 2nd magnetic layer 22 is removed. 

0127] Next, as shown in drawing 57 and d rawing 58 , the inorganic insulator layer 252 is formed. Drawing showing the 
Drocess after the process which showed drawing 57 to drawing 55 and drawing 56 , and drawing 58 are the sectional 
views which met 58 to 58 line of drawing 57 . The inorganic insulator layer 252 is formed so that the 2nd magnetic 
layer 22 upper part may be covered. About the inorganic insulator layer 252, since reference is already made, it omits 
for details. 

0128] Next, as shown in drawing 59 and drawing 60 , a part of gap layer 24 and inorganic insulator layer 252 are 
removed, and the upper part of the 2nd thin film conductor 232 is exposed. Drawing showing the process after the 
process which showed dr awi ng 59 to drawing 57 and drawing J8 , and drawing 60 are the sectional views which met 60 
:o 60 line of drawing 59 . The inorganic insulator layer 252 of the upper part of the 2nd thin film conductor 252 uses as 
i mask beforehand the resist pattern formed in the upper part of the 2nd thin film conductor 252, and removes a resist 
nask by the dry etching methods, such as milling or RIE. Then, solvent exfoliation, ashing, etc. remove. Opening is 
formed in the 2nd thin film conductor 232 according to the above-mentioned process. 

0129] Next, as shown in drawin g 61 and drawing 62 , two or more 3rd thin film conductors 233 are formed. Drawing 
showing the process after the process which showed drawing 61 to drawing 59 and drawing 60 , and drawing 62 are the 
sectional views which met 62 to 62 line of drawing 61 . The 3rd thin film conductor 233 is formed by frame plating etc. 
and continues and starts the above-mentioned opening to through and the 2nd thin film conductor 232. The 3rd thin fihr 
conductor 233 is constituted by electric conduction metallic materials, such as Cu. The thickness of the 3rd thin film 
xmductor 233 has the desirable range of 1.5-4 micrometers. The 3rd thin film conductor 233 is also formed according t< 
he process illustrated to drawing ^ - drawing 1 1 . 

0130] Next, as shown in drawing 63 and drawing 64 , the 3rd thin film conductor 233 is used as a mask, and the 
norganic insulator layer 252 is removed by the dry etching methods, such as milling or RIE. Drawing showing the 
Drocess after the process which showed drawin£„63 to drawing 61 and drawjngj62 , and drawing 64 are the sectional 
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views which met 64 to 64 line of drawing 63 . 

[0131] Next, as shown in drawing 65 and drawing 66 , the inorganic insulator layer 251 is formed. Drawing showing the 
process after the process which showed drawing 65 to drawing 63 and drawing 64 , and drawing 66 are the sectional 
views which met 66 to 66 line of drawing 65 . The inorganic insulator layer 251 covers the front face of the 3rd thin filn 
conductor 233, and the front face of the 1st thin film conductor 231 which appears between the 3rd thin film conductor 
233-233 by almost uniform thickness. About the inorganic insulator layer 251, since reference is already made, it omits 
for details. 

[0132] Next, as shown in drawing 67 , the inorganic insulator layer 251 of the standup part of the 3rd thin film 
conductor 233 is used as a mask, and inorganic insulator layers 251 other than the standup part of the 3rd thin film 
conductor 233 are removed by the dry etching methods, such as milling or RIE. Drawing 67 is drawing showing the 
process after the process shown in drawing 65 and drawin g 66 . According to this process, the upper part of the 3rd thin 
film conductor 233 is exposed, and it becomes a connection edge. 

[0133] Next, as shown in drawing 68 , the 4th thin film conductor 234 is formed. Drawing 68 is drawing showing the 
process after the process shown in drawing 67 . The 4th thin film conductor 234 is formed with frame plating etc. 
[01 34] The 4th thin film conductor 234 is a wrap about the front face of the 3rd thin film conductor 233, and the front 
face of the 1st thin film conductor 231 which appears between the 3rd thin film conductor 233-233. That is, the 4th thin 
film conductor 234 is respectively inserted in also between the 3rd thin film conductor 233 which has the inorganic 
insulator layer 251 on a side attachment wall. The 3rd thin film conductor 233 and the 4th thin film conductor 234 have 
flowed electrically by said outcrop. The 4th thin film conductor 234 consists of electric conduction metallic materials, 
such as Cu. The thickness of the 4th thin film conductor 234 has the desirable range of 1 .5-4 micrometers. 
[0135] Next, as shown in drawing 69 , the flattening film 20 which becomes by the inorganic insulator layer is formed. 
Drawing 69 is drawing showing the process after the process shown in drawing 68 . The flattening film 20 forms 
membranes by a spatter etc., and carries out flattening by CMP etc. The flattening film 20 is constituted by aluminum 
203 and Si02 grade. 

[0136] Drawing showing the process after the process which showed drawing 70 to drawing 6 9 , and drawi ng 71 are the 
sectional views which met 71 to 71 line of drawing 70 . The upper part of the 3rd thin film conductor 233 and the 4th 
thin film conductor 234 is exposed while flattening is carried out, so that it may illustrate to drawing 71 . 
[0137] Next, as shown in drawing 72 and drawing 73 , the inorganic insulator layer 252 is formed. Drawing showing th< 
process after the process which showed drawing 72 to drawing 70 and drawing 71 , and drawing 73 are the sectional 
views which met 73 to 73 line of drawing 72 . The inorganic insulator layer 252 is formed so that the flattening film 20, 
3rd thin film conductor 233, and thin film conductor of ** 4th 234 upper part may be covered. About the inorganic 
insulator layer 252, since reference is already made, it omits for details. 

[0138] Next, as shown in drawing 74 and drawing 75 , a part of inorganic insulator layer 252 is removed, and the upper 
part of the 3rd thin film conductor 233 is exposed. Drawing showing the process after the process which showed 
drawing 74 to drawing 72 and drawing 73 , and drawing 75 are the sectional views which met 75 to 75 line of drawing 

74 . The inorganic insulator layer 252 of the upper part of the 3rd thin film conductor 233 uses a resist pattern as a mask 
and removes it by the dry etching methods, such as milling or RIE. Then, solvent exfoliation, ashing, etc. remove the 
resist mask on the 2nd thin film conductor 232. Opening is formed in the 3rd thin film conductor 233 of the above- 
mentioned process. 

[0139] Next, as shown in drawing 7 6 - drawing 78 , two or more 5th thin film conductors 235 are formed. Drawing 
showing the process after the process which showed dra wing 76 to drawing 74 and drawing 75 , the sectional view 
where drawing 77 met 77 to 77 line of drawing 76 , and drawing 78 are the sectional views which met 78 to 78 line of 
drawing 76 . 

[0140] The 5th thin film conductor 235 separates the 1st spacing A, aligns in an one direction X, and is formed in the 
front face of the inorganic insulator layer 252. [ two or more ] The 5th thin film conductor 235 is formed in band-like. 
The 5th thin film conductor 235 is constituted by electric conduction metallic materials, such as Cu, and is formed of 
application of frame plating. When applying frame plating, the seed layer is formed in the front face of the inorganic 
insulator layer 252 in advance. This is a stock-in-trade in frame plating. The 5th thin film conductor 235 is formed so 
that the coil width of face beta seen in the one direction X may serve as range which is 0.25-3 micrometers. Although 
the thicker one of the thickness of the 1st half-thin film conductor 231 is desirable, when it forms with frame plating, it 
zan form about 2 times of the coil width of face beta. 

[0141] Moreover, as shown in drawing 78 , the 5th thin film conductor 235 is formed in the outcrop (refer to drawing 

75 ) of the 3rd thin film conductor 233. The 3rd thin film conductor 233 and the 5th thin film conductor 235 have 
flowed electrically through opening. The 5th thin film conductor 235 is also formed according to the process illustrated 
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;o drawing. 5 - drawing 1 1 . 

0142] Next, as shown in drawing 79 - drawing 8 1 , the inorganic insulator layer 252 is removed. Drawing showing the 
process after the process which showed drawin g 79 to drawing 76 - drawing 78 , the sectional view where drawing 80 
net 80 to 80 line of drawi n g 79 , and drawing 81 are the sectional views which met 81 to 81 line of drawing 79 . In 
removal of the inorganic insulator layer 252, the 5th thin film conductor 235 is used as a mask, and the dry etching 
nethods, such as milling or RIE, are performed. 

0143] Next, as shown in drawing 82 - drawing 84 , the inorganic insulator layer 251 is formed. Drawing showing the 
process after the process which showed drawing 82 to drawin g 80 and drawing 81 , the sectional view where drawing 83 
net 83 to 83 line of drawing 82 , and drawing 84 are the sectional views which met 84 to 84 line of drawing 82 . 
0144] The inorganic insulator layer 251 covers the front face of the 2nd magnetic layer 22, the 5th thin film conductor 
>35, and the flattening film 20 by almost uniform thickness, as shown in drawin g 83 . Moreover, the inorganic insulator 
ayer 251 covers the front face of the 4th thin film conductor 234 which appears between the flattening film 20, the 5th 
hin film conductor 235, and the 5th thin film conductor 235-235 by almost uniform thickness, as shown in drawing 84 . 
\bout the inorganic insulator layer 251, since reference is already made, it omits for details. 

0145] Next, as shown in drawing 85 - drawing 87 , the inorganic insulator layer 251 of the standup part of the 5th thin 
Sim conductor 235 is used as a mask, and inorganic insulator layers 251 other than the standup part of the 5th thin film 
conductor 235 are removed by the dry etching methods (the milling method, the RIE method, etc.). Drawing showing 
he process after the process which showed drawing 85 to drawing 82 - drawing 84 , the sectional view where drawing 
36 met 86 to 86 line of drawing 85 , and drawing 87 are the sectional views which met 87 to 87 line of drawing 85 . 
rhen, solvent exfoliation, ashing, etc. remove a resist mask. At this time, a resist mask is formed also in the part which 
corresponds on an up magnetic pole, and it also leaves an inorganic insulator layer to the part which corresponds on an 
lp magnetic pole. According to this process, the flattening film 20, the 4th thin film conductor 234 which appears 
between the 5th thin film conductor 235-235, and the upper part of the 5th thin film conductor 235 are exposed, and it 
becomes a connection edge. 

0146] Next, as shown in drawing 88 , the 6th thin film conductor 236 is formed. Drawing 88 is drawing showing the 
Drocess after the process shown in drawing 85 - drawing 87 . The 6th thin film conductor 236 is formed with frame 
Dlating etc. The 6th thin film conductor 236 is respectively inserted in also between the 5th thin film conductor 235 
Artiich has the inorganic insulator layer 251 on a side attachment wall. The 5th thin film conductor 235 and the 6th thin 
film conductor 236 have not flowed electrically. The 6th thin film conductor 236 consists of electric conduction metallic 
materials, such as Cu. The range of the thickness of the 6th thin film conductor 236 is 0.5-3 micrometers preferably. 
0147] Moreover, the 6th thin film conductor 236 is formed like [ drawin g 89 ] drawing 88 . Drawing 89 is drawing 
showing the process after the process shown in drawing 88 . However, in drawing 89 , the 6th thin film conductor 236 
las flowed electrically with the 4th thin film conductor 234 and the 5th thin film conductor 235. 
0148] Next, as shown in drawing 90 and drawing 91 , the flattening film 260 is formed. Drawing showing the process 
ifter the process which showed drawin g 90 to drawing 89 , and drawing 91 are drawings showing the process after the 
process shown in drawing 90 . After membranes are formed by the spatter etc. and the whole surface is covered with the 
flattening film 260, flattening of the flattening film 260 is carried out by CMP etc. The flattening film 260 consists of 
iluminum 203 and Si02 grade. 

0149] Drawing showing the process after the process which showed drawing 92 to drawing 91 , the sectional view 
ivhere drawing 93 met 93 to 93 line of drawing 92 , and d ra wing 94 are the sectional views which met 94 to 94 line of 
irawing 92 . Drawmg„92 - drawing 94 show the condition that flattening was carried out by the process shown by 
irawing 90 and drawing 91 . 

01 50] Next, as shown in drawing 95 and drawing 96 , a protective layer 26 is formed. The sectional view showing the 
process after the process which showed drawing 95 to drawing 92 - drawing 94 , and drawing 96 are the sectional views 
showing the process after the process shown in drawing 95 . Membranes are formed by the spatter etc. and flattening of 
he protective layer 26 is carried out by CMP etc. A protective layer 26 is constituted by aluminum 203 and Si02 grade 

0151] By passing through the process mentioned above, the thin film magnetic-head element which has the structure 
shown in drawing 29 - drawing 32 is formed on a wafer (refer to drawing 33 </A>). In addition, electrode ejection 
firing, a bump layer, a bump protective layer, etc. are created separately. Although explanation is omitted, other micro 
levices, such as a thin film inductor shown in dr awin g 26 - drawin g 28 , can be manufactured through the same process 

0152] 6. Indicate further the magnetic-head equipment and magnetic recorder and reproducing device this invention 
jsing the thin film magnetic head also about magnetic-head equipment and a magnetic recorder and reproducing device. 
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First, the front view showing some magnetic-head equipments which d rawin g 97 requires for this invention, and 
drawing 98 are the bottom views of the magnetic-head equipment shown in drawing 97 . Magnetic-head equipment 
:ontains the thin film magnetic head 4 and the head means for supporting 5. The thin film magnetic head 4 is the thin 
Him magnetic head concerning this invention made explanation with reference to drawing 6 - drawing 9 . 
0153] The head means for supporting 5 have structure which attached the flexible body 51 which similarly becomes 
with a metallic thin plate in the free end in the end of the longitudinal direction of the base material 53 which becomes 
with a metallic thin plate, and attached the thin film magnetic head 4 in the inferior surface of tongue of this flexible 
3ody 51. 

01 54] A flexible body 51 has two outside frame parts 55 and 56 which carry out abbreviation parallel with the 
longitudinal direction axis of a base material 53, and are extended, the transversal frame 54 which connects the outside 
frame parts 55 and 56 in the edge distant from the base material 53, and the ligula 52 which has been prolonged so that 
abbreviation parallel may be carried out from the abbreviation center section of the transversal frame 54 at the outside 
frame parts 55 arid 56, and used the tip as the free end. 

0155] The projection 57 for loads of the shape of a semi-sphere of a ligula 52 which upheaved from the base material 
53 in the center section mostly is formed. The load force is told from the free end of a base material 53 by this 
^rejection 57 for loads to a ligula 52. 

0156] The thin film magnetic head 4 is attached in the inferior surface of tongue of a ligula 52 with means, such as 
idhesion. The thin film magnetic head 4 is attached in the ligula 52 so that an airstream appearance side edge side may 
become in the direction of a transversal frame 54. The head means for supporting 5 applicable to this invention are not 
restricted to the above-mentioned example. 

0157] Drawing. 99 is the top view of the magnetic recorder and reproducing device concerning this invention. The 
illustrated magnetic recorder and reproducing device contains magnetic-head equipment 6 and a magnetic disk 7. 
Vlagnetic-head equipment 6 is illustrated to drawing 97 and drawing 98 . The end of the head means for supporting 5 is 
combined with the end of an arm 9, and magnetic-head equipment 6 is supported by the pointing device 8 with which 
he other end of an arm 9 contains a voice coil etc., and is driven. In free one end of the head means for supporting 5, th< 
hin film magnetic head 4 is supported by the head means for supporting 5, and it is arranged so that it may counter with 
he magnetic-recording side of a magnetic disk 7. 

0158] If the rotation drive of the magnetic disk 7 is carried out in the direction of an arrow head Fl by the driving gear 
ivhich is not illustrated, the thin film magnetic head 4 will surface from Men of a magnetic disk 7 by the minute flying 
leight. The thin film magnetic head 4 attached in the point of the head means for supporting 5 is driven in the direction 
Df a path of a magnetic disk 7. And by the positioning device 8 which drives the head means for supporting 5, the thin 
Sim magnetic head 4 is positioned in the predetermined truck location on a magnetic disk 7, and read-out of magnetic 
-ecording and writing are performed. 

0159] As mentioned above, although the contents of this invention were concretely explained with reference to the 
iesirable example, it is obvious that various deformation modes can be taken based on the fundamental technical 
bought of this invention and instruction if it is this contractor. 
;0160] 

Effect of the Invention] According to this invention, the following effectiveness can be acquired as stated above. 

a) A wiring consistency can be raised and the micro device which may improve a component consistency, especially a 

semiconductor device can be offered. 

» After securing required magnetomotive force, coil length can be shortened, an impedance value can be reduced, and 
he micro device which has improved the high frequency property especially the thin film magnetic head, and a thin filn 
nductor can be offered. 

c) A coil circumference consistency can be raised and the micro device which can improve magnetic effectiveness 
especially a thin film inductor, or the thin film magnetic head can be offered. 
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> NOTICES * 

TPO and NCIPI are not responsible for any 
iamages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
>.**** shows the word which can not be translated. 
5. In the drawings, any words are not translated. 
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